Abstract-The power emitted by a dipole at the interface between an indefinite (hyperbolic) medium and an isotropic medium is analyzed. The theoretical estimation is performed by using a transmission line method for time-harmonic fields in layered isotropic materials. The indefinite medium can be constructed in different ways; here we analyze, as an example, the case of alternating two subwavelength layers of isotropic materials. We compute the power spectrum of transverse electric and magnetic (TE and TM) waves and show that the power emitted by the dipole is mainly coupled into the indefinite medium underneath, opening up several application scenarios, such as innovative carpet cloaking implementations and super absorbers.
INTRODUCTION
An indefinite (hyperbolic) medium (IM) is an anisotropic medium characterized by permittivity and/or permeability tensors that provide with a different response, according to the polarization of the field, resulting in a hyperbolic-like dispersion diagram [1] . One of the recent usages of IMs shows that such media allow for subwavelength focusing of the field, also useful for lensing applications [2] [3] [4] [5] . The hyper-lens effect that the evanescent wave can be converted into the radiative wave has been confirmed in [6] . Very recently, there have been studies about the emission of a dipole in proximity of an IM. For example, in [7] the authors analyzed the dipole radiation fraction, comparing the results for real metal-dielectric multilayers as in Fig. 1(c) with those for a homogenized slab with parameters given by the effective medium approach as in Fig. 1(a) , concluding that the latter gives overestimated rates. The spontaneous emission patterns of electric and magnetic dipoles on gold or silver metallic surfaces and a hyperbolic metamaterial (HMM) surface were estimated using the dyadic Green's function technique in [8] . Experimental results in [9] proved that corrugated surfaces of HMMs result in a very low reflectance and ultimate dark appearance. Here, we focus on determining the power spectrum of TE/TM waves of a dipole at the interface between an IM and an isotropic medium, aiming at showing that most of the emitted power is coupled inside the IM.
II. POWER EMITTED BY A HORIZONTAL DIPOLE
We use the transmission line (TL) formalism to compute the power emitted by an elementary dipole just above or at the interface between free space and IM. Hyperbolic materials are a special case of uniaxially anisotropic materials (UAM), whose relative effective permittivity tensor is given as down ε ( Fig. 1(a) ), which is a diagonal matrix with entries Figs. 1(b) and 1(c), respectively) . Provided that the periodicity of the designed metamaterial is subwavelength, it can be modeled as homogenized IM (Fig. 1(a) ). In order to utilize the TL formalism, we implement the IM with infinitely periodic bi-layer structure of thickness d as in Fig. 1(c) As a comparison, we provide the power plots for two cases whose homogenized relative permittivity entries are provided in Table I . Case A (B) has t ε smaller (larger) than 1, so that in the IM the propagating spectrum of TE waves is narrower (wider) than that of the free space (Fig. 2) . In Fig. 3 . This is the main reason why the power emitted by the dipole at the interface is mostly coupled to the IM. However, for Case B, one can also increase the spectrum of TE waves in the IM as a result of larger t ε with respect to Case A. In Fig. 4 we show the ratio between the total power emitted by the dipole in +z direction (up) and that in -z direction (down) versus normalized wavelength 0 / d λ . Larger t ε yields to a decrease of up down / P P . As 0 / d λ increases (subwavelength regime is satisfied [7] ), the up down / P P ratio tends to decrease. The absorption properties at IM surfaces can be used for efficient absorbers, sensors, photodetectors, solar cells, and for hiding (concealing) small scatterers at the IM surface. 
